Background: Exercise induced bronchospasm (EIB) commonly occurs during exercise. The comparative effects of different sports on airway responsiveness among prepubertal boys remain to be determined. Objectives: To assess differences in post exercise spirometry between footballers, judokas and a control group in prepubertal boys. Patients and Methods: A total of ninety six prepubertal boys were studied. Bronchial hyper responsiveness (BHR) to exercise challenge test was defined by a diagnosis of baseline spirometry, followed by an incremental exercise test. To date, the best test to confirm EIB may simply be standard pulmonary function testing before and after high-intensity exercise. A 10% or greater post-challenge fall in forced expiratory volume in FEV1 is used as a diagnostic criterion. Results: There was no significant difference in baseline spirometry between all groups (P > 0.05). The post exercise spirometry test revealed the presence of EIB in 16 of 32 (50%) footballers against 9 out of 32 (28.12%) in both judokas and control subjects at 5 min after the exercise. Also, there was a significantly higher decrease (P < 0.05) in mean FEV1 at 5 minuts in footballers (-9.60 ± 6.18) compared to judokas (-5.41 ± 5.85).
Background
It is widely accepted that regular physical activity is strongly associated with reduced rates of chronic diseases such as cancer, cardiovascular events and non-insulindependent diabetes mellitus. However, there is much less evidence for the potential beneficial effect of physical activity on lung health (1) . In fact, some prospective studies in children (2) and in adult twins (3) have shown that the development of asthma was associated with decreased physical activity.
Furthermore, it has been shown that there is a strong and consistent negative relationship between physical activity and Bronchial Hyper Responsiveness (BHR) in adults (1) . The findings suggest that a relatively small amount of physical activity would markedly reduce BHR in the general population.
Although exercise in itself is considered bronchodilating (4), careful monitoring of maximal expiratory flow and airway resistance during exercise indicates that bronchoconstriction may occur during prolonged and/or interval exercise (i.e. exercise involving variations in work intensity) (5) . A high prevalence of respiratory symptoms in relation to exercise (6) (7) (8) and BHR to physical activity (9) have been reported in endurance athletes. However, exercise induced bronchospasm (EIB) occurs more commonly in elite athletes than in the general population (10) . Furthermore, the prevalence is even higher among certain groups of athletes (long distance runners, cyclists, skiers and swimmers) than among athletes in general (11) .
Although ventilatory limitation has been reported in highly fit athletes as a consequence of high air flow generated during exercise (12) , the question of whether BHR in such athletes may induce bronchial obstruction during exercise and subsequently promote airflow limitation remains to be investigated (13) . Clinical and functional aspects of post exercise asthma often vary between sportsmen and sedentary persons.
It has been suggested that high-level training could contribute to the development of BHR (7) . Yet, the comparative effects of different sports on airway functions remain to be determined.
Football and judo are two very different sports. However, they are similar in that they include aerobic and anaerobic components. The amount of aerobic and anaerobic activity varies among these sports (14) . Indeed, judo is an individual sport which is played indoors on a tatami and its training increases equilibrium, coordination, speed, strength, suppleness, skill, endurance and resistance (15) . Thus, competitive judo can be described as a combative, high intensity sport in which the athlete attempts to throw the opponent onto his back or to control him during groundwork combat (16) . On the other hand, football is a team sport that is played in an outdoor field and training is characterized by short-duration high-speed runs, jumps, headings and ball disputes, besides other activities, such as trots, low-speed running and walks (17) .
To the best of our knowledge, there is very limited data available regarding the adaptive response of the lung function parameters to training in judo and football especially in prepubertal children. However, our study expands past research by comparing the BHR between these two different styles of sports and there is no study which has compared the BHR between two sports at pre-pubescent age. Thus, based upon the results of previous studies, we hypothesized that footballers have more BHR than judokas.
Objectives
The aim of this study was to identify and compare the degree and frequency of EIB of pre-pubertal boys in football, judo and control groups in order to investigate respiratory health consequences.
Patients and Methods

Participants
Ninety six pre-pubertal boys (32 footballers, 32 Judokas and 32 healthy sedentary subjects) were enrolled in the study. The tests were in the in-season phase of competition and all subjects were clinically healthy and had no history of recent infectious disease, asthma or cardiorespiratory disorders. The athletic subjects were selected according to the exclusion criteria defined as follows: Subjects not having a good health at the moment of tests, subjects who are non-confirmed, and who did not have a regular presence in their training sessions or having been engaged for less than 3 years. On the basis of these criteria 24 subjects from 120 were excluded. Finally, 96 athletes were included in subsequent analysis. Control subjects were randomly recruited by draw from primary schools of the same location of the experimental group and they were engaged in ≤ 2 hours of physical activity per week at school. The football players were recruited from the sports club of Sfax which is one the four most popular and greatest football teams in Tunisia in the first league of professional football and judo players were recruited from two clubs: the sports club of Sfax and the club of sports stadium of Sfax which are known to have the best youth judokas in Tunisia. All football and judo players were enrolled in a training program which consisted of four sessions a week (each session lasting for about 90 minutes) in addition to the weekly games in the official national championship usually held on Sundays. The training of the footballers was outdoors on a synthetic turf for athletic fields and was focused specially on technique, agility, balance, coordination and speed exercises and, in judo, the training was indoors in a well-equipped hall and focused on technique, physical coordination, flexibility, body control, balance and fast reflexive action. All subjects gave their written consent and the study protocol was approved by the local ethics committee. Physical and physiological measurements were done; body composition was estimated with the skinfold method of Durnin and Wormersley (18) . Each skinfold thickness was measured in duplicate on the left side of the body, and the mean value was used for calculation. The errors of measurement were < 1 mm, and the reliability was > 95%. All the anthropometric measurements of all subjects were taken by the same technician resident in the laboratory. The pubertal status was assessed using Tanner stage (19) . All the children were tanner stage 1 according to genitalia and pubic hair development by a nurse resident in the laboratory and experienced in the use of the technique.
Questionnaires
A dietary questionnaire was completed by the subjects and their parents. Dietary intake of calories, proteins, lipids and carbohydrate of the subjects was recorded for a week. The treatment results are achieved by a nutrition specialist using the "Epi Info 6" software.
A standardized questionnaire to determine socio-economic level (20) was administered. It consisted of questions to determine the ethnicity and educational status of parents, standard of living, smoking, internal and external pollution and estimated quantification of their physical activity.
Spirometric and Exercise Challenge Test
Spirometric tests were performed at rest before exercise using a body plethysmograph (Sensor Medics V6200 Auto box; Sensor Medics Co., California, USA). Then, an exercise test was performed in a laboratory in early spring when ambient temperature was approximately 20°C (68°F) and humidity was low (38%), on a cyclo-ergometer (Sensor Medics: V max encore 29c; Sensor Medics Co., California, USA). Cardiorespiratory variables were determined using a calibrated breath by breath system allowing continuous measurement of heart rate, oxygen uptake and lung ventilation. Each subject performed a continuous and progressive exercise test to exhaustion. During the test, the pedaling rate was kept constant at 60 rpm. After a 3 min warmup period at a work rate of 30 watts, 10 watt increments were applied every minute until the pedaling rate could no longer be sustained.
Each subject was instructed and verbally encouraged to give maximal effort during the test. Finally, spirometry was performed at 5, 10 and 15 minutes after the end of the exercise. Criteria for EIB were a decrease from baseline in FEV1 of 10% or greater (21-23).
Air Pollution Concentrations
Air pollution concentrations were measured continuously at the fixed site of the Sfax south station. The pollutants' measurement site was selected so that it was close to the living area of the participating subjects. Data on air quality was obtained from the national agency of environment protection in Tunisia, at the study site. Data on particulate matter (PM10) and nitrogen dioxide (NO 2 ) were measured daily and the results were expressed as annual mean concentrations; the agency also measured 24-hour mean concentrations of sulfur dioxide (SO 2 ) and 8-hour mean concentrations of ozone (O 3 ). All these measurements were used as daily air pollution indicators for children under the same exposure conditions. The time-specific measures were obtained from a permanent background monitor that operated continuously during the study period. There is a very small number of missing values, due mainly to power failure.
Statistical Analysis
Statistica Kernel version 5.5 was used to analyze the data. Descriptive statistics were expressed as mean (SD) for each variable. Analysis of variance (ANOVA) was carried out to detect the effects of type of sport (football or judo). Significance was set at an alpha level of 0.05. Table 1 shows the physical and lung function measurements in the three groups. There was no significant difference in age, standing height, body weight and baseline spirometric values (FVC, TLC, FEV1 and PEF) among the 3 groups (P > 0.05). Footballers and judokas had a similar lean mass and these values were higher than the control group (P < 0.01). Furthermore, there was a significant difference (P < 0.05) between the three groups in fat mass; the highest values were in the control group compared to the judokas and footballers.
Results
The judokas had higher fat mass than the footballers. The body mass index (BMI) of the judokas was significantly higher (P < 0.05) than both footballers and the control group who had similar values. Figure 1 shows the daily calories intake. Figure 2 summarizes the amount of each macronutrient (carbohydrate, lipids and protein). There is no difference in nutritional status between all groups. Figure 3 shows the socio-economic variables, Anova showed no significant difference in the results gathered from parameters such as the occupation of father and mother and the house type. Table 2 shows the exercise test parameters. There was no significant difference in maximal oxygen consumption (VO 2max ) related to body weight between the three groups (P > 0.05). Similarly, no significant differences were found in maximal heart rate (HR max ). However, there was a significant difference in P max (P < 0.01) between the groups; the values in the footballers and the judokas were similar and were higher than the control group. The maximal minute ventilation of the judokas was significantly higher (P < 0.01) than both footballers and the control group. Furthermore, there was a significant difference in the respiratory exchange ratio (P < 0.001) among all groups; the values of the footballers were higher than the control group and lower than the judokas.
The time when the greatest percent of decline in FEV1 from baseline occurred in the footballers was as follows: 16 of 32 (50%) experienced the greatest decline in FEV1 at 5 minutes post-exercise; 14 of 32 (43.75%) at 10 minutes post-exercise; and 6 of 32 (18.75%) at 15 minutes post-exercise respectively. In the group of judo, 9 of 32 (28.12%) had BHR after a decrease of FEV1 at 5 minutes post-exercise; 10 of 32 (32.25%) at 10 minutes post-exercise; 7 of 32 (21.87%) at 15 minutes post-exercise. In addition, 9 of 32 (28.12%) of the control subjects demonstrated a decrease in FEV1 at 5 minutes post-exercise exactly like the group of judo; 6 of 32 (18.75%) at 10 minutes post-exercise; and 10 of 32 (31.25%) at 15 minutes postexercise see the figures.
FEV1 values were measured after the exercise challenge test. In fact, we have found a significant decrease in FEV1 only at 5 minutes post exercise in footballers and judokas (P = 0.032 < 0.05). The least significant difference (LSD) test in the post-hoc comparisons indicates a significant difference only between the footballers and the judokas. There is no significant difference in FEV1 between all groups at 10 and 15 min (Table 3) . Table 4 shows the air pollutants variable. All the values of PM10, SO 2 and O 3 are located at the first interim target (IT) level of the world health organization (WHO) air quality guidelines (AQG). This level corresponds to the highest mean concentrations. The level of IT-1 has been shown to be associated with significant mortality in the developed world. The value of NO2 respects that of the WHO air quality guidelines. 
Discussion
This study shows that in pre-pubertal boys, the footballers had significantly higher prevalence of BHR than judokas reflected by the percentage of fall of FEV1. The Footballers have more BHR than both judokas and control subjects, especially at 5 minutes after the exercise.
Post exercise spirometry tests revealed the presence of EIB (a decrease from baseline FEV1 of at least 10%) in 16 of 32 (50%) footballers. This was the greatest decline of FEV1 among the groups at all times (5, 10 and 15 minutes after the exercise challenge test). There was a significantly higher decrease in mean FEV1 at 5 minutes in pre-pubertal football boys than in judokas with BHR.
Various studies in North Africa have been conducted to determine the prevalence of asthma but there were marked differences among these studies probably because of methodological considerations. The prevalence ranged from 2.4 to 3.4% in studies before 1990 and from 6 to 12% in the later ones (24) . In a study using the "International Study of Asthma and Allergies in Childhood" (ISAAC) methodology conducted in the Tunis region on children aged 13-14 years, the prevalence was found to be 5.4% (24) . Only one recent study has been performed in Tunisian elite athletes showing the prevalence of EIB as 13% (25) . The prevalence of asthma has ranged from 4% to 59% in various athletes studies. This wide variation is mainly due to different types of training and training environments. Also differences in the definition and diagnosis of asthma may have some impact on the mentioned range. In fact, a high prevalence of asthma has been found among those athletes competing in endurance events such as cycling, swimming, cross-country skiing, and long-distance running (26) (27) (28) (29) (30) .
Environmental factors as well as the type and content of the inhaled air, could play an important role. Even if most sports are practiced in various air conditions all year long, many sports are predominantly practiced either in cold, dry or humid air (31) . For athletes who train outdoors, the quality of the inhaled air varies and the presence of different pollutants may contribute to the development of EIB (31) . In addition, evaporative and convective loss of heat from airway could be increased with ventilation as well as the respiration water loss which decreases during exercise while breathing dry warm air may develop bronchoconstriction (32) . For the athletes who practice their sport in indoor areas, the exposure to such contaminants and to a variety of organic pollutants could contribute to certain respiratory problems (33) .
For our football players, the results showing the Percentage of subjects having a decline of FEV1 more than 10% confirm those found by Weiler et al. (34) (50%) and Ross (35) (56%) after inhalation of a pharmacological agent. The difference between judokas and football players could be explained by the type of exposure of these athletes during their practice / training. The judokas trained in a hall and, therefore, they are relatively less exposed to air pollution and aeroallergens than football players. Exposure to air pollution was associated with reduced respiratory function and may lead to a decline in physical efficiency in pre-adolescent children (35, 36) . Also, the pollution-related to reduction of lung function in childhood might be related, at least partially, to long-term exposure to particulate air pollutants, and especially in those children who spend more time practicing outdoor sports (36) , and there is considerable evidence that asthmatic persons are at increased risk of developing exacerbations with exposure to O 3 , NO 2 , SO 2 and inhalable PM pollution (37) . The risk of inhalation of pollutants in the lungs could be significantly increased in our football players, who trained outdoor causing more bronchoconstriction because of the concentrations of ozone (O 3 ), sulfur dioxide (SO 2 ), and particulate matter (PM10) who exceeded the levels allowed by the WHO air quality guidelines especially the values of SO 2 and PM10. These results may explain at least partly how our footballers have more prevalence of bronchoconstriction than the general population and judokas who are constantly protected indoor, especially as we have registered no significant difference in dietary intake and socioeconomic status among the three groups in our study.
Football and judo training are totally different. In football, the activity in this sport is based on the race (17) on an area whose size is much larger than a tatami of judo. In this regard, it has been indicated that running is the most effective way to provoke EIB (28) . That is why the EIB in football is more marked than in judo. Furthermore, athletes who train hard, particularly long distance runners, are frequently exposed to factors such as cold air (38) and aeroallergens (39) which are known to exacerbate bronchoconstriction.
This study has shown that the prevalence of BHR in judokas is relatively similar to the control group, especially at 5 minutes after the end of the exercise. This result confirms those of Michalak et al. (40) who find that among the various sporting disciplines studied, the lowest prevalence of asthma is in judo (identical to that of the general population). In fact, judo is a succession of short and intense exercises with a very short recovery time. Furthermore, among the mechanisms invoked to explain the prevalence of asthma in the sport, hyperventilation appears to play a decisive role. Michalak et al. (40) indicated that hyperventilation increases the contact between the bronchial mucosa and allergens and therefore increasing BHR.
Our sedentary group has an EIB less than sporting subjects; this may be due to the fact that they are seldom exposed to the volumes and/or intensities of activities leading to hyperventilation. Unlike the sedentary subjects that rarely prolong exercises inducing hyperventilation beyond 5 min, the athlete even from a sport dominated by anaerobic extends his actions or only partially recovers between two periods (i.e. Judo). It is, therefore, logical that the occurrence of dyspnea appears during exercise and not at recovery.
It has been indicated that atopy is a major risk factor for EIB (28) . In a recent study, Sallaoui et al. (41) indicated that, in a total of 326 athletes who underwent skin tests, atopy was identified in 26.9% (88/326). This prevalence of atopy among Tunisian athletes was not much different from the general population (41) . Some authors indicated that atopy in athletes may be partly related to exercising in extreme or particular environmental conditions which may favor its expression in the predisposed subjects (42, 43) .
Furthermore, the American thoracic society (ATS) guidelines (44) and studies by others (45) (46) (47) (48) (49) recommended that laboratory-based EIB testing should include an exercise challenge of 6 to 8 minutes in ambient conditions (20-25°C; relative humidity (RH) < 50%) at 80% to 90% of predicted HR max with pre-spirometry and post-spirometry, the elite athlete population may require a greater exercise intensity under dry air conditions (50) . However, the environmental conditions in the laboratory included a relative humidity of 60% which in itself may protect against EIB (51) .
Otherwise, BHR occurred during recovery time and therefore alter the performance of the following exercises. However, the degree of EIB of pre-pubertal boys in Football is higher than that in Judo and control groups, especially after 5 minutes of the exercise challenge test, after that the degree of EIB decreases at 10 and 15 minutes. Thus, in football match, the recovery between the two half times (~15 minutes) can reduce bronchoconstriction as FEV1 returns to baseline values, so the second time begin without alteration of airway flows. However, it is not the same event for judo, because the recovery times are very short to allow to FEV1 to reach the baseline values.
Limitations of the Study
This study suffers from some limitations that need to be acknowledged and addressed such as the relatively small sample size. An additional limitation of our study is that the mean of HR max of all groups does not reach the predicted HR max . This finding indicates that our subjects did not achieve a true maximum effort because they feel leg fatigue before reaching exhaustion and therefore limiting maximum cardiorespiratory responses. Moreover, the environmental conditions in the laboratory included a relative humidity of 60% which in itself may protect against EIB (51) . This factor may be a limitation for this study; it must be regarded with some caution. In fact, for athletes it has been maintained that performing field tests with the specific exercise type employed in their type of sport is optimal for describing the epidemiology and diagnosing the pathogenesis of the respiratory and allergic disorders in sports EIB and asthma. More studies are needed to confirm the results in appropriate conditions. However, in our study, the aerobic test protocol on ergo cycle needs to extend the time to exhaustion to reach the predicted HR max and the VO2 max ; it means that the time spent on the work load must be reviewed.
Practical Applications
It appears that the decrease of FEV1 after exercise in prepubertal boys playing football was larger than those in those playing judo. However the decreases of FEV1 after playing both football and judo did not change compared with those in control group. We considered that the changes of P max , VO2 max , PEF, and HR max between football play and judo play did not have a significant differences. These results indicated that this exercise test did not satisfy enough quantity of motion.
Although, the occurrence of BHR was greater in footballers than the Judo and Control groups, aerobic performance as measured by VO2 max was not significantly different between groups. This poses the question: Does BHR influence performance?
The present study suggests an association between the occurrence of BHR and the competitive event undertaken by footballers and judokas in prepubertal boys. The footballers had significantly higher prevalence of BHR than judokas. This could be explained by differences in the rate of ventilation found among athletes competing in endurance events, as well as to atopy, related to exercising in extreme or particular environmental conditions which may favor its expression and exposure to inhalant allergens and pollutants during these events. More studies are needed to clarify this association.
